Young omnivores show food neophobia in order to avoid the potential harmful effects of ingesting unfamiliar food items. We investigated whether the presence of the mother and an enriched rearing environment would reduce food neophobia in piglets. A mother may provide information on suitable food types to include in the diet, whereas an enriched environment may stimulate behavioural development and reduce reactivity towards novel stimuli (including food). Five barren-reared or enriched-reared piglets per litter were exposed to two novel food items in the presence, and the other five per litter in the absence, of the mother in a 7 min test. Maternal presence reduced food neophobia profoundly as reflected in a reduced latency to touching the food, a higher proportion of piglets sampling the two different food items and a higher intake. Latency to touch the food, however, was affected by maternal presence more strongly for barrenreared piglets than for enriched-reared piglets, and in the absence of the sow, consumption of one novel food type and time spent in the feeding area were higher for enriched-reared piglets.
INTRODUCTION
Omnivores have a broad range of potential food items that can be included in their diet. To avoid potential harmful effects of ingesting unfamiliar food, most young omnivores show food neophobia, i.e. an initial reluctance to eat novel food items [1] . Apart from dietary selection through a trial-and-error process of individual learning, young animals rely on older, experienced conspecifics for information on what to include in their diet [2] . When learning about novel food, young animals may direct more attention towards their mother, who is more genetically related to her offspring and spends more time with them than most other adult conspecifics [3, 4] . Social learning regarding food intake may be more efficient when the animals are provided with stimulus-and substrate-rich environments, in which the mother can show the full range of foraging behaviours [5] . Enrichment of the rearing environment also has the potential to reduce food neophobia independent of social learning. Environmental enrichment results in a higher behavioural flexibility and a lower reactivity towards unfamiliar stimuli [6, 7] . As novel food can be seen as an unfamiliar stimulus, it can be hypothesized that enriched-reared animals would be less neophobic towards unfamiliar food than barren-reared animals.
The aim of this experiment was to investigate neophobia of barren-and enriched-reared piglets towards unfamiliar food items presented in the presence or absence of their mother. Piglets in pig husbandry generally show a reluctance to ingest solid food after weaning, resulting in health and welfare problems [8] . This makes piglets interesting subjects for research regarding food neophobia.
We predicted that, in addition to maternal presence, an enriched rearing environment would reduce food neophobia in piglets. This effect might be observed particularly in piglets tested in the absence of the mother.
MATERIAL AND METHODS
The experiment was set up in a 2 Â 2 factorial arrangement, with rearing environment (barren or enriched) and maternal presence during testing (sow present or absent) as factors, and was carried out in two successive batches using 16 multiparous sows and their offspring.
From one week before parturition, sows were either housed in barren (B; 9.2 m 2 , n ¼ 8) or in enriched farrowing pens (E; 18.4 m 2 , n ¼ 8). Enrichment consisted of wood shavings, straw (added to the pen daily), peat and branches (replaced once and twice weekly, respectively; see the electronic supplementary material for further details). Sows were confined in a farrowing crate between days 0 and 4 after parturition. Litter sizes were set at 10 piglets per litter on day 4 (1 : 1 sex ratio, see electronic supplementary material). Sows were fed twice a day, while piglets had food available continuously. Both sows and piglets received standard food for lactating sows.
The behavioural test was conducted on day 25 after parturition in a 7.7 Â 7.7 m arena, located in a different room, with walls of 1 m height and a concrete floor. A 2 Â 2 m square, drawn on the floor in the centre of the arena, served as a feeding place. Sows and piglets were habituated to the arena and food types (sows only) before the test; see the electronic supplementary material for procedures.
Five piglets from each litter were tested with the sow present in the arena (SP), and the other five piglets were tested in her absence (SA; see the electronic supplementary material for a video). Five pieces of cheese and five differently coloured pieces of equally sized, chocolate-covered peanuts per piglet and sow were evenly distributed over the feeding place of the arena before the start of the test. Before testing, the sow was brought to another, empty pen. SP piglets were brought to the sow and sow and piglets were guided to the arena together. During SA trials, the sow stayed in the other pen.
The test started when all the animals were present in the arena. Several behaviours were scored (see the electronic supplementary material), and the number and weight of pieces of both food types still present in the arena at the end of the test were determined. Test time was 7 min.
Data were averaged per half litter. One SP group from a barren pen was excluded from the analysis because the sow was in oestrus. Data (see the electronic supplementary material) were analysed with generalized linear mixed models (SAS 9.0, SAS Institute Inc.), with sow presence, enrichment, their interaction and batch as fixed effects and pen as random effect, using the appropriate distributions and link functions.
RESULTS
Sow presence reduced latency to touch the food (F 1,13 ¼ 714, p , 0.0001; figure 1a) .0 pieces of cheese and chocolate peanuts on average, respectively), and there was a negative correlation between total pieces of food eaten by sow and by the piglets (r ¼ 20.84, p , 0.001). Sows were not observed pushing the piglets towards the food, nor were special vocalizations observed.
There were, however, differences between barren and enriched piglets in the potential of maternal presence to reduce food neophobia: maternal presence reduced latency to touch the food (sow * enrichment interaction, F 1,13 ¼ 32.0, p , 0.0001; figure 1a ) and the number of vocalizations (sow * enrichment interaction, F 1,13 ¼ 4.3, p ¼ 0.06; table 1) more strongly in barren-reared than in enriched-reared piglets. Environmental enrichment also affected some of the neophobia indicators measured directly: enriched-reared piglets 
DISCUSSION
This study demonstrates that the presence of the mother during exposure to novel food items reduces neophobia in piglets. Moreover, enriched-reared piglets appeared less neophobic in this experiment, irrespective of maternal presence. Enriched-reared piglets consumed more chocolate in the absence of the sow and spent more time in the feeding area of the arena than barren-reared piglets. The presence of the sow seemed, furthermore, to reduce neophobia more in barren piglets. This is, to our knowledge, the first demonstration of an effect of environmental enrichment on food neophobia. The effect could have been caused by differences in activity and thus energy requirements of barren and enriched piglets, however, piglets still regularly suckle their mother's milk and no differences in suckling frequency or duration were observed (data not shown). It is therefore more likely that the enrichment instead may have resulted in a lower responsiveness to the test situation, which is supported by the shorter time spent attending the food by barren piglets and by the finding that maternal presence tended to reduce the number of vocalizations more strongly in barren piglets. Enrichment may also have reduced food neophobia owing to enhanced experience with sampling unfamiliar items in the environment [9, 10] , possibly leading to improved foraging skills and a higher eagerness to explore [5, 11] . The presence of the mother during exposure to novel food items, however, seemed to result in a stronger reduction in food neophobia of piglets than environmental enrichment, though the effect may be modulated by environmental enrichment, as the effect of maternal presence appeared more profound in barren-reared than in enriched-reared animals. Although all animals were thoroughly habituated to the test arena, we cannot rule out the possibility that the presence of the sow reduced stress of the piglets during the test. This is supported by the lower number of vocalizations given by piglets in presence of their mother, which could be indicative of lower stress levels [12] . Increased stress levels in barren piglets may, in turn, lead to increased food neophobia, as has been shown in humans [13] and sheep [14] . However, the time spent in the area close to the food did not differ between piglets tested with or without the sow. This suggests that piglets of both treatments spent the same time attending to the food but differed in consumption, pointing to a specific effect on food neophobia. The mother was previously familiarized with the food, and testing piglets with an unfamiliarized mother or with a mother who has experienced negative consequences of ingesting the food may give information on the learning processes involved. Social facilitation and local enhancement seem likely candidates as no active behaviours were made by the sow towards the piglets [2] . In conclusion, environmental enrichment does have the potential to reduce food neophobia, but the presence of the mother during the encounter with the novel food seems to overrule the possible effects of enrichment. The reduction in food neophobia by maternal presence and by environmental enrichment may be important to stimulate food intake of piglets in pig husbandry. Piglets often have their first experience with solid food without the sow present, whereas the current study suggests that the presence of the mother during contact with novel food items could stimulate food intake before weaning. Providing piglets with an enriched rearing environment may further decrease neophobia and increase adaptability of piglets to novel stimuli. Combining increased foraging opportunities together with the sow in an 
